Granitic groundwaters are important resources in arid regions. However, they are not always pure due to having appreciable amounts of trace elements. The present study was conducted to investigate chemical compositions for finding controls on distribution of heavy metals and natural radioelements (U and Th) in groundwater resources of Shir-Kuh granitoid aquifer (SGA), central Iran.
INTRODUCTION
Granitoid is a preliminary term used for plutonic rocks which essentially contain quartz and feldspars, tentatively identified as granite, granodiorite, or tonalite (Le Maitre et al. ).
These rocks have appreciable amounts of quartz, alkali feldspar, and/or plagioclase and other aluminosilicate minerals such as micas. Quartz has very low solubility under existing pH and temperature; however, incongruent dissolution of aluminosilicates releases common cations (Ca 2þ , Mg 2þ , Na þ , and K þ ) into groundwater (Singhal & Gupta ) .
Very low weatherability of silicate minerals in addition to the low residence time of groundwater mainly through the fissures and fractures result in the total dissolved solids (TDS) of granitic groundwater to be usually less than 300 mg/L. As a result of the silicates weathering, the general groundwater type from granitoids is Ca-HCO 3 and the silica content ranges from 10 to 30 mg/L. High concentrations of trace elements such as Pb, Cr, Fe, and Mn are also possible to detect (Singhal & Gupta ) . 
HYDROGEOLOGICAL SETTING OF THE STUDY AREA
The elongated northeast-southwest trending batholith of for measuring the major ions and trace elements were filled at each sampling location. The samples for measuring trace elements were filtered and acidified by commercially available high-purity nitric acid (65%) to a pH of less than 2. Standard methods (Rice & Bridgewater ) were applied to determine the values of major ions ( (1)) for the samples (Table 1) were less than the reasonable range of 5-10% (Freeze & Cherry ).
MATERIALS AND METHODS
Charge balance error (%) ¼
A set of more than 50 trace elements including Si, heavy metals, and radioelements (U, Th) was determined using HP Agilent 4500 ICP-MS (USA) at Iranian Zar-Azma Mineral Studies Company. The quality assurance/quality control (QA/QC) was carried out by qualified experts of the laboratory, including the analysis of reagent blanks, analytical duplicates, and certified reference materials.
RESULTS AND DISCUSSION

Major ions chemistry
The average values of EC and pH in the studied ground- (Table 2 ). Calcite presents in minor amounts (1-5%) in Shir-Kuh granitic rocks (Khalili ) . However, the dissolution rate of calcite is typically six orders of magnitude more than the aluminosilicate minerals under neutral pH conditions (Mast et al. ) . It highlights the importance of calcite dissolution compared with silicate weathering in supplying calcium and bicarbonate ions into the groundwater resources of SGA (Table 2 ).
In addition, dissolution of halite and gypsum as secondary minerals filling fractures of the granitic rocks, was also introduced as the origin of Cl and SO 4 ( 
The third component (PC 3 ), named as the biotite weathering factor, is described by the highest loading in Mg (0.98) which is also related to HCO 3 with the loading value of 0.35. Biotite weathering enhances Mg and HCO 3 along the groundwater flow paths. It also supplies SiO 2 in groundwater resources of the SGA based on the following:
In conclusion, PCA in supporting the mass balance studies (Table 2) 
Spatial distribution of the trace elements
Igneous rock weathering is a possible natural (geogenic)
source of the trace elements, especially heavy metals in groundwater (Singhal & Gupta ) . The occurrence of these elements may limit the groundwater for drinking uses due to the possible effects on health.
More than 50 trace elements in groundwater samples were investigated. However, the elements U, Th, Ba, Sr, Sn, W, Cu, and Zn with concentrations above the detection limit of the instrument were determined (Table 4 ). The box-and-whisker plots for these elements are presented in Figure 5 . They reveal normal distribution of the elements, as approximately 95% of the data lie between the inner fences (whisker). The mean (or median) values arranged in descending order are as follows: The direct relationship between U and SiO 2 (Figure 8(a) ) confirms the major role of silicate mineral weathering in enhancement of U in groundwater resources. The U concentration also increases with the rise in EC (Figure 8(b) ), which may be attributed to the increase in the residence time of water in contact with the rock minerals.
The geochemical behavior and distribution of U in groundwater which is controlled by redox processes, pH, and partial pressure of CO 2 (Langmuir ) is more complex. In summary, uranium is rather soluble in oxidizing and particularly acidic conditions (Banks et al. b) . 
Drinking water health-related concerns
The maximum admissible concentrations of Ba, Cu, Zn, and U in drinking water have been set at 700, 1,000, 3,000 
